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Objective: Repair of saccular aortic aneurysms (SAAs) is frequently recommended based on a perceived predisposition to
rupture, despite little evidence that these aneurysms have a more malignant natural history than fusiform aortic
aneurysms.
Methods:The radiology database at a single university hospital was searched for the computed tomographic (CT) diagnosis
of SAA between 2003 and 2011. Patient characteristics and clinical course, including the need for surgical intervention,
were recorded. SAA evolution was assessed by follow-up CT, where available. Multivariate analysis was used to examine
potential predictors of aneurysm growth rate.
Results: Three hundred twenty-two saccular aortic aneurysms were identified in 284 patients. There were 153 (53.7%)
men and 131 women with a mean age of 73.5 10.0 years. SAAs were located in the ascending aorta in two (0.6%) cases,
the aortic arch in 23 (7.1%), the descending thoracic aorta in 219 (68.1%), and the abdominal aorta in 78 (24.2%). One
hundred thirteen (39.8%) patients underwent surgical repair of SAA. Sixty-two patients (54.9%) underwent thoracic
endovascular aortic repair, 22 underwent endovascular aneurysm repair (19.5%), and 29 (25.6%) required open surgery.
The average maximum diameter of SAA was 5.0  1.6 cm. In repaired aneurysms, the mean diameter was 5.4  1.4 cm;
in unrepaired aneurysms, it was 4.4  1.1 cm (P < .001). Eleven patients (3.9%) had ruptured SAAs on initial scan. Of
the initial 284 patients, 50 patients (with 54 SAA) had CT follow-up after at least 3 months (23.2  19.0 months).
Fifteen patients (30.0%) ultimately underwent surgical intervention. Aneurysm growth rate was 2.8  2.9 mm/yr, and
was only weakly related to initial aortic diameter (R2  .19 by linear regression, P  .09 by multivariate regression).
Decreased calcium burden (P  .03) and increased patient age (P  .05) predicted increased aneurysm growth by
multivariate analysis.
Conclusions:While SAA were not found to have a higher growth rate than their fusiform counterparts, both clinical and
radiologic follow-up is necessary, as a significant number ultimately require surgical intervention. Further clinical
research is necessary to determine the optimal management of SAA. (J Vasc Surg 2013;57:84-8.)
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sAn arterial aneurysm is a permanent dilation character-
ized by 50% greater diameter than the normal vessel in
question.1 Aneurysms can be further categorized into the
more common fusiform type, or the rarer saccular config-
uration. While fusiform aneurysms of the aorta often arise
in the setting of wall degeneration secondary to atheroscle-
rotic disease, saccular aneurysms have a more varied etiol-
ogy, including aortic infection, degeneration of a penetrat-
ing atherosclerotic ulcer, trauma, and previous aortic
surgery.2,3
Saccular aneurysms have historically been perceived by
vascular surgeons as possessing a greater rupture risk than their
fusiform counterparts,4 and, as a result, are often repaired at
smaller diameters. Previously reported series involving the
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84anagement of saccular aneurysms have suggested that sur-
ical repair is the only reasonable option.5,6 In a report from
he Joint Council of the Society for Vascular Surgery and
nternational Society of Cardiovascular Surgery, aneurysm
epair was recommended for all saccular aneurysms of the
bdominal aorta regardless of size or symptomatic status.7
Biomechanical studies of aortic aneurysms have high-
ighted the role of aneurysm geometry in rupture risk. Vorp
t al demonstrated, through finite element analysis, that
neurysm asymmetry is linked to higher aortic wall stress.8
s an extension, Fillinger et al demonstrated the superiority
f geometry over aneurysm diameter alone in predicting
upture risk.9 More recently, Nathan et al showed greater
all stress in saccular aneurysms compared with similarly
ized fusiform aneurysms.10 Despite these computational
tudies, there is a dearth of clinical evidence in the literature
o support a more malignant natural history of saccular
ortic aneurysms.
Saccular aortic aneurysms are rarely encountered. In
ur institution, they represent approximately 1.5% of the
otal number of aortic aneurysms detected on radiographic
tudies. By employing a large radiologic database to capture
umerous cases of a relatively rare occurrence, the objective
f this study is to provide accurate characterization of the
ize, presentation, and progression of saccular aortic aneu-
ysms.
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All computed tomographic angiograms (CTA) with
the diagnosis of “saccular aneurysm” appearing in the
radiologist’s final report at a single institution were retro-
spectively identified from January 2003 to June 2011. Only
saccular aneurysms located in the ascending aorta, aortic
arch, descending thoracic aorta, and abdominal aorta were
included. Saccular aneurysms resulting iatrogenically from
previous cardiac or aortic surgeries were excluded. Scans
were queried from the Radiology Information System
(Centricity RIS-IC; GE Healthcare, Waukesha, Wisc) uti-
lizing PRESTO (Montage Healthcare Solutions, Philadel-
phia, Pa). All scans were interpreted by a radiologist with
subspecialty training in cardiovascular imaging. CTA exam-
inations were performed with 64-slice scanners with intra-
venous injection of 80 to 120 mL of nonionic iodinated
contrast. Approval was obtained from the institutional re-
view board, and the need for informed consent was waived.
All scans were evaluated on a three-dimensional image
analysis and modeling workstation (TeraRecon, San Ma-
teo, Calif). Information was collected on saccular aneurysm
location and the presence of rupture, dissection, and qual-
itative degrees of thrombus and calcification. In cases with
serial CTA, saccular aneurysm geometry was characterized
by the maxima of: aneurysm neck, aneurysm depth, aneu-
rysm size, and transaortic diameter (Fig 1). Aneurysm
growth was measured as changes in these dimensions over
time, expressed in mm/yr. For these patients, quantitative
degrees of thrombosis and calcification were calculated by
manually segmenting each aneurysm with AMIRA (Visage
Imaging, San Diego, Calif) and applying customMATLAB
Fig 1. Depiction of measurements obtained on indiv
maximum transaortic diameter; C, maximum saccular an(The Mathworks, Natick, Mass) algorithms. rSymptomatic status, need for surgical intervention, co-
orbidities, and demographic information were extracted
rom medical charts. Aneurysm etiology was determined
hrough a combination of clinical and radiologic character-
stics. Saccular aneurysms secondary to trauma required a
onfirmed history of thoracic or abdominal trauma. Infec-
ious etiologies were supported primarily by the presence of
ositive tissue culture or secondarily by positive blood
ultures at time of radiologic evaluation. Saccular aneu-
ysms were attributed to atherosclerotic disease when they
ither arose from a penetrating atherosclerotic ulcer or
ther radiologic hallmarks of advanced atherosclerotic dis-
ase were present in the relevant section of the aorta.
Groups were compared using unpaired Student’s t tests
r Fisher’s exact test, where appropriate. Multiple linear
egression was performed to determine factors that contrib-
ted to aneurysm growth. Variables tested included: quan-
itative degrees of thrombosis and calcification, saccular
eck size, aneurysm depth, aneurysm size, transaortic di-
meter, neck/length ratio, age, gender, presence of hyper-
ension, coronary artery disease, chronic obstructive pul-
onary disease, renal insufficiency, and location of
neurysm. All tests of significance were at the P .05 level,
nd all statistical analyses were performed with MATLAB
oftware.
ESULTS
Characteristics of patients with saccular aneurysms.
hree hundred twenty-two saccular aneurysms in 284 pa-
ients were diagnosed by CTA from January 2003 to June
011. The characteristics of patients with saccular aneu-
saccular aneurysms. A, saccular aneurysm depth; B,
m size; D, aneurysm neck length.idualysms are reported in Table I. For most variables, patients
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January 201386 Shang et alwho underwent radiologic observation were similar to
those who underwent saccular aneurysm repair. However,
transaortic diameter was significantly higher (P  .001) in
repaired aneurysms compared with aneurysms that under-
went radiologic observation.
Most saccular aneurysms (n  261, 81.1%) arose as a
consequence of atherosclerotic disease. Infection (n  4,
1.2%), confirmed history of trauma (n 12, 3.7%), Behçet’s
disease (n 2, 0.6%), and Takayasu’s arteritis (n 1, 0.3%)
were less common causes of saccular aneurysms. Of note,
42 aneurysms (13.1%) lacked clear radiologic or clinical
features to discern their etiology.
Most saccular aneurysms were found in the descending
thoracic aorta (n  219, 68.0%). Saccular aneurysms were
less frequently observed in the abdominal aorta (n  78,
24.2%), aortic arch (n  23, 7.1%), and ascending aorta
(n 2, 0.6%). One hundred twenty-three (43.3%) patients
had one or more concomitant aneurysms, either fusiform
or saccular. Of these aneurysms, 80 (65.0%) were located in
the abdominal aorta, 36 were in the thoracic aorta (29.3%),
and seven (5.7%) were found in the ascending aorta.
Clinical consequences of saccular aneurysms. Of
the 284 patients with saccular aneurysms, 11 patients
(3.9%) had evidence of aneurysm rupture on their initial
CTA. Surgical intervention was ultimately performed in
113 patients (39.8%), with 97 patients receiving interven-
tion following their initial CTA, and 16 during their obser-
vation period. Roughly three-quarters of patients under-
went endovascular procedures, with 62 (54.9%) thoracic
endovascular aortic repairs and 22 (19.5%) endovascular
aneurysm repairs performed. The remaining 29 patients
(25.6%) underwent open aneurysm repairs. In patients
undergoing thoracic endovascular aortic repair, the left
subclavian artery was covered in 24 cases, with 14 carotid-
subclavian bypasses performed. Primary indications for sur-
gery are shown in Table II. A single patient with a ruptured
thoracic aortic aneurysm refused surgery, hence the dis-
crepancy between the number of ruptured aneurysms and
aneurysm repairs due to rupture.
Saccular aneurysm progression. Of the 284 patients
with saccular aneurysms, 50 (17.6%) had follow-up CTA at
an interval of 3 months. 37 patients had aneurysms
(74.0%) located in the descending thoracic aorta, and 13
(26.0%) had abdominal aortic aneurysms. The mean time
Table I. Characteristics of patients with saccular aneurysm
All patients with saccular
aneurysms
(n  284)
Pati
Age (years) 73.5  10.0
Maximum aortic diameter (cm) 5.0  1.6
Gender (male) 153 (53.7%)
Hypertension 252 (88.7%)
Hyperlipidemia 163 (57.4%)
Coronary artery disease 124 (43.7%)of follow-up was 23.2 19.0 months. These patients had a pignificantly smaller transaortic diameter than the cohort as
whole (Table I). During this period of time, one patient
2.0%) with a 6.2-cm aneurysm (originally 5.6 cm) pro-
ressed to aneurysm rupture; this patient was offered repair
fter his initial imaging but deferred surgery. Fifteen pa-
ients (30.0%) ultimately required surgical intervention for
he primary indication of persistent or recurrent pain (n 6),
neurysm expansion of 5 mm/yr (n  5), new symptoms
n 2), and unstable morphologic appearance (n 2).
Overall transaortic diameter was found to increase by
.8  2.9 mm/yr. Thoracic and abdominal aneurysms
rew at similar rates (2.9  2.8 vs 2.6  3.2; P  .62).
accular aneurysm growth was only weakly related to initial
ortic diameter (R2 .19 by linear regression), and expan-
ion rate was comparable with previously published litera-
ure on series containing fusiform aneurysms (Fig 2). An-
urysm neck length progressed by 2.6  4.5 mm/yr, and
neurysm depth by 1.7 2.6 mm/yr. The maximal saccu-
ar aneurysmal size increased by 4.4  5.3 mm/yr and was
imilarly comparable with previous fusiform aneurysm data
Fig 3). In the surveyed aneurysms, a 10 mm increase in
ortic diameter was associated with a 1.1 mm/yr increase in
he growth rate of transaortic diameter, and a 1.3 mm/yr
ncrease in saccular aneurysm size.
Multivariate regression was performed to determine
redictors of aneurysm growth. Initial transaortic diameter
as not significantly related to saccular aneurysm growth
P  .09). Decreased calcium burden (P  .03) and
ncreased patient age (P  .05) predicted increased aneu-
ysm growth. Patient comorbidities, aneurysm location,
nd degree of thrombosis were not statistically significant
ho underwent
al repair
 97)
Patients with radiologic follow-
up of saccular aneurysms
(n  50)
P value repair
versus follow-up
2  9.1 70.4  9.6 .091
4  1.4 4.3  1.3 .002
(54.9%) 31 (62.0%) .589
(92.3%) 43 (86.0%) .286
(67.2%) 30 (60.0%) .201
(42.4%) 18 (36.0%) .608
able II. Primary indication for surgery in patients
ndergoing aneurysm repair
Number of patients
(n  113 total repairs)
ize/morphologya 57 (50.4%)
ain 33 (28.4%)
neurysm rupture 10 (8.8%)
ncrease in size 10 mm/yr 7 (6.2%)
ther symptomsb 6 (5.3%)
Abdominal aneurysm 5.5 cm, thoracic aneurysm 6.0 cm.
Includes hoarseness, dysphagia, tracheal compression.s
ents w
initi
(n
73.
5.
62
105
76redictors of aneurysm growth rate. Similarly, no measured
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diameter to saccular aneurysm depth (a surrogate for asym-
metry) were predictive of aneurysm growth.
DISCUSSION
Despite the common perception of a more malignant
natural history of saccular aortic aneurysms, the true rup-
ture risk of saccular aneurysms is unknown. The current
study represents an attempt to determine the natural his-
tory of saccular aortic aneurysms using what we believe to
be the largest reported series of such aneurysms. By includ-
ing a broad range of aneurysm sizes and locations, as well as
obtaining available clinical and radiologic follow-up, the
current study provides a realistic characterization of saccu-
lar aneurysm progression, as well as a snapshot of the
current management of saccular aortic aneurysm.
Through radiologic surveillance of saccular aneurysms,
Fig 2. Relationship between change in transaortic diameter and
initial aortic diameter. Regression curves derived from previously
described thoracic aortic aneurysm (TAA) and abdominal aortic
aneurysm (AAA) growth rates shown for comparison.
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Fig 3. Relationship between change in saccular aneurysm size
and initial aortic diameter.we have demonstrated changes in overall transaortic diam- ater of approximately 2.8  2.9 mm/yr, and changes in
aximum saccular aneurysm size of 4.4  5.3 mm/yr.
owell et al performed a systematic review and meta-
nalysis of studies examining the growth rates of small
bdominal aortic aneurysms (3.0-5.0 cm), and determined
mean pooled growth rate of 2.3 mm/yr.11 When re-
tricted to aneurysms associated with a transaortic diameter
f this size, the growth rate of the saccular aneurysms we
bserved was 2.1 2.3-mm/yr. Powell et al demonstrated
hat a 10mm increase in transaortic diameter was associated
ith a 1.62-mm/yr increase in growth rate, similar to the
urrent findings.
Dapunt et al examined the natural history of thoracic
ortic aneurysms, and determined a pooled average growth
ate of 4.3 mm/yr.12 While they felt a power regression
ore accurately described the relationship between initial
ortic diameter and growth rate, much of this curve is
pproximately linear and shows a relationship similar to the
ne that we have illustrated in our series (Fig 2). Aneurysm
rowth rate is considered a proxy for rupture risk,13 so the
imilarity with respect to diameters and growth rates be-
ween saccular and fusiform aortic aneurysms suggests that
accular aneurysms are not necessarily more prone to rup-
ure than fusiform aneurysms of the aorta.
While numerous biomechanical studies implicate aortic
symmetry as a proxy for rupture risk and aneurysm
rowth,8-10 no increase in saccular aneurysm growth rates
as noted over fusiform aneurysms. In fact, neither aortic
iameter nor other measured saccular aneurysm diameters
redicted aneurysm growth, although the former may be
aused by a small sample size. More importantly, the het-
rogeneity of the detected growth rates suggests that indi-
idual aneurysm characteristics may be important in deter-
ining aneurysm stability. This possibility is reinforced by
he fact that increasing degrees of calcification predict
ecreasing growth rates. Finite element models of abdom-
nal aortic aneurysms14 have shown reductions in wall stress
n areas of calcified aortic wall owing to the increased
tiffness of calcified elements. Biomechanical models of
ncreasing sophistication may represent an avenue of future
esearch.
There are several limitations of the current study. First,
adiologic follow-up was not available for the majority of
atients who did not undergo surgery. Nevertheless, 50
atients underwent serial imaging, and aneurysm enlarge-
ent was commonly documented. Second, a large group
42.0%) of patients did not undergo surgery, and did not
ave clinical or radiologic follow-up at our institution.
hird, while saccular aneurysm progression was measured,
he truly important clinical end point of aneurysm rupture
as rarely observed. All of these issues temper the degree to
hich we can claim to truly understand the natural history
f saccular aortic aneurysms. Furthermore, a relatively high
ercentage (30.0% of observed patients) underwent inter-
ention during the period of observation. This highlights
he fact that while observation of saccular aneurysms can be
ppropriate given their comparable growth rates to fusi-
11
1
1
1
JOURNAL OF VASCULAR SURGERY
January 201388 Shang et alform aneurysms, these patients should undergo both clin-
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